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A Pharmaceutical Composition 
Containing Crystalline Adefovir Dipivoxil 

Field of the invention 

The present invention relates to a composition containing nucleotide 
analog, more specially, it relates to a pharmaceutical composition containing 
crystalline 9- [2- [bis (pivaloyloxy ) -methoxy ] phosphinyl ] methoxy ) ethyl] 
adenine. The present invention also discloses a process for preparing this 
new crystalline form. 

Background of the invention 

The new antiviral drug, adefovir dipivoxil (hereinafter "AD"), is a 
nucleotide reverse transcriptase inhibitor with the nomenclature of 
9- [2- [bis (pivaloyloxy) -methoxy] phosphinyl] methoxy) ethyl] adenine, which 
exhibits a marked in vivo antiviral activity against both HIV and HBV. For 
more information about its antiviral activities, see Barditch-Crovo P et 
al, J Infect Dis, 176(2): 406,1997, and Starrett et al,J Med Chem, 
37:1857-1864, 1994. 

According to the prior art, AD may be provided in two forms: amorphism 
and crystal. PCT patent application "pharmaceutical formulations" 
(International Publication NO. WO0035460A) discloses a more stable AD 
pharmaceutical formulations comprising anhydrous crystalline AD anddihydrate 
crystalline AD and an alkaline excipient. Another application, WO9904774A, 
discloses compositions containing one or more crystalline AD, wherein the 
AD comprises the following crystalline forms with different melting points: 
the anhydrous crystalline form, the hydrated form, the solvate form, and 
the salt crystalline form. It is well known that different crystalline forms 
of a drug compound have different melting points, solubility, and density 
of said drug compound. At the same time, the fluidity and flexibility of 
crystals of said compound and the dissolution rate, stability, and 
effectiveness of said crystals in a pharmaceutical formulation may differ 
from one to another. For example, although the V -type of indolacin is less 
stable, it has better performance in solubility, bioavailability and 
pharmacology than that of the a and P type. In addition, different crystalline 
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forms may be enantiotropic under certain conditions. For instance, during 
the process of wet granulation, the drug may be dissolved in a solvent added 
and recrystallized in the later drying step to obtain a new crystalline form, 
which may affect the dissolution of the drug and the uniformity of the 
pharmaceutical formulation containing this drug. Therefore it is necessary 
to select a crystalline form with a suitable stability during manufacture 
and storage. Taking insulin zinc as an example, the dissolution rate of its 
stable form is slower than that of its metastable one. Thus a suspension 
of short, mediumor long term release may be obtained by adj usting the proportion 
of these two crystalline forms. Therefore, it is not always necessary to 
adopt the most stable crystalline form in pharmaceutical industry, which 
depends on a lot of factors, such as the clinical uses, producing costs and 
•cycles, as well as techniques and so on. 

Contents of the invention 

When carrying out studies on the AD, the inventor of this invention 
surprisingly discovered that a conventionally synthesized AD can be prepared 
into a novel crystalline form of AD having good stability and a proper melting 
point through dry spraying. Further, by differential scanning calorimetry 
(DSC), infrared absorption spectrum (IR), powder X-Ray diffraction (XRD) , 
melting point measurement, this crystalline AD is identified as an anhydrous 
crystal which is substantially different from those already-existing ones 
in that: its endothermic peak in DSC thermogram is about 94.5 °C (see Figure 
1); its melting point is 94 °C-95 °C ; its XRD pattern (see Figure 2) usually 
shows a characteristic peak ( s ) expressed in terms of 2 0 at about 3.60, and/or 
about 7.28, and/or about 7.76, and/or about 12.32, and/or about 15.08, and 
/or about 16.28, and/or about 17.24, and/or about 17.96, and/or about 20.12, 
and/or about 21.40, and/or about 22.24, and more typical peak(s) at about 
3.60, and/or about 7 . 28, and/or about 15 . 08 , and/or about 17 . 24 , and/or about 
17.96, and/or about 20 . 12, and/or about 22 . 2 4 , its Fourier Transform Infrared 
Spectrum ( FT I R ) (see Figure 3) shows a peak(s) at about 3320 cm" 1 , about 3160 
cm" 1 , about 2975 cm" 1 , about 2935 cm" 1 , about 1755 cm" 1 , about 1650 cm" 1 , about 
1595 cm" 1 , about 1385 cm"* 1 , about 1355 cm" 1 , and about 1152 cm" 1 , and more typical 
peak(s) at about 3320 cm" 1 , about 3160 cm" 1 , about 2975 cm" 1 , about 1755 cm" 1 , 
and about 1650 cm" 1 . The magnified photos of this crystalline AD are displayed 
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in Figure 4. By the analysis of HLPC, the purity of this crystalline AD is 
at least 98wt%, preferably 99.0-99.8%. The crystalline AD of this invention 
exhibit not only a feature of stable crystal form being exposed for a period 
of three months at a temperature of 10-25°C under RH 50%, but also a good 
5 reproducibility under the same conditions, making it meet all demands of 
preparing the quality AD preparations fit for clinical practice. 

In another aspect this invention provides a composition comprising a 
therapeutically effective amount of the stable crystalline AD of the invention 
and pharmaceutically acceptable carriers or diluents. The composition of 
the present invention may be administered conveniently by any routes 
appropriate for administration, for example the composition may be administer 
orally, topically, parenterally , or inhalationally , preferably administered 
orally. Typically, the composition of the present invention can be obtained 
by using the crystalline AD and conventional carriers via any of the 
standardized methods well known in the art. Such methods include mixing, 
granulating, and tableting. It is well known by one skilled in the art that 
the selection of forms and natures of pharmaceutically acceptable carriers 
or excipients depends on many factors including the amount of the active 
ingredients to be mixed therewith, routes of administration, and other known 
factors. The composition comprises as active ingredient about 1-40% of AD 
by weight, preferably 5-30% by weight, wherein said AD comprises at least 
70% of the crystalline AD of the present invention. It is understood that 
the composition of the present invention may optionally comprise a given 
amount of the amorphous AD, which may advantageously improve both 
bioavailability and effectiveness of said composition. 

In another aspect this invention provides a process for preparing the 
new AD crystal, which is an improvement of the conventional methods. The 
30 "spray drying" is a common-used pharmaceutical technique. However, after 
drugs are processed by spray drying, the crystalline forms thereof can vary 
with many factors : solvent, temperature, and drying rate etc . This will result 
in the uncertainty of crystalline AD in final product. The crystalline AD 
of this invention is prepared by spray drying via the organic solvent, 
35 preferably the ethanol, wherein ethanol is preferred due to its low toxicity, 
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low organic residue, high volatility and good solubility for AD, which in 
turn results in less consumption of ethanol during the process. During spray 
drying, it is helpful to control the inlet temperature properly at 60-120 
°C, preferably 70~100°C. The crystalline AD made according to this invention 
belongs to a metastable one with the melting point of about 94.5°C, so proper 
excipients may be optionally introduced into spray drying to prevent 
crystalline forms from transforming. Said proper excipients include PVP, 
Na-CMC and colloidal silicon dioxide etc. The AD particles obtained by spray 
drying according to the invention exhibit good dissolution, distribution, 
and flowability. This process has good reproducibility, suitable for the 
production of crystalline AD on a large scale. 

In another aspect this invention provides a dosage form containing the 
crystalline AD. The AD is high lipophilic. It will be absorbed readily after 
oral administration and in vivo hydrolyzed to its parent compound, 
9- [ (phosphonomethoxy) ethyl] adenine (PMEA, adefovir) rapidly. By far, the 
major dosage form containing AD are solutions, tablets, and capsules. The 
studies have showed that in the aqueous suspensions containing AD, the 
bioavailability of PMEA is independent of the drug's solubility. Therefore, 
the suitable dosage forms of AD are tablets or capsules. The said drug may 
be pressed into solid unit dosage forms, such as pills, tablets or processed 
into capsules after being mixed with suitable pharmaceutically acceptable 
carriers. Conventional additives, such as fillers, colorants, and binders 
may be added in the preparation of unit dosage forms such as tablets . Typically, 
the dosage form for AIDS treatment comprises crystalline AD in an amount 
of 100-400 mg/unit , preferably 100 - 200 mg/unit . The dosage form for hepatitis 
B treatment comprises crystalline AD in an amount of l-80mg/unit, preferably 
5-20mg/unit . 

According to this invention, said pharmaceutically acceptable carriers 
are either organic or inorganic carriers that can be administered together 
with active ingredients and may include the ones for solid pharmaceutical 
preparations, for example excipients , lubricants, binders, and disintegrants , 
and any pharmaceutically acceptable additives, for example colorants and 
sweetening agents . 
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The prefer red excipients maybe exemplified by lactose, sugar, D-mannitol, 
D-sorbitol, starch, a- starch, dextrine, crystalline cellulose, 
low-substituted hydroxypropylcellulose , sodium carboxymethylcellulose 
(CMC-Na) , arable gum, dextrine, amylopectin, light anhydrous silicic acid, 
synthesized aluminium silicate, aluminium-magnesium silicate etc. 

The preferred lubricants maybe exemplif ied by magnesium stearate, calcium 
stearate, talcum powders, silica gel etc. 

The preferred binders may be exemplified by a -starch, sucrose, glutin, 
Arabic gum, methyl cellulose, carboxymethylcellulose, sodium carboxymethyl 
cellulose, crystalline cellulose, sugar, D-mannitol, trehalose, dextrine, 
amylopectin, hydroxypropylcellulose, hydroxypropylmethylcellulose (HPMC) , 
and pyrrolidone etc. 

The preferred disintegrants maybe exemplified by lactose, sugar, starch, 
carboxymethyl cellulose, calcium carboxymethyl cellulose, sodium 
carboxymethyl starch, light anhydrous silica acid, and low-substituted 
hydroxypropylcellulose . 

The preferred colorants may be exemplified by water-soluble edible 
dyestuff citric acid yellow, for example edible red No . 2 , edible yellow No . 4 
and No. 5, edible blue No . 1 and No . 2 ; water-insoluble dyestuff, for example 
aluminium salt of the above-mentioned edible dyestuff citric acid yellow; 
naturally occurring dyestuffs such as beta-carotene, chlorophyll and iron 
red. 

The preferred sweetening agents may be exemplified by saccharin sodium, 
potassium glycyrrhetinate dibasic, aspartame, and stevioside. 

Examples 

The following examples further elaborate the present invention and do 
not by any means limit the invention. 
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Example 1 Preparation of crystalline AD 

The raw AD was prepared according to the representative method as described 
(Starrett et al . , J. Med. Chem. (1994) 37:1857-1864, hereby incorporated 
by reference) and was then recrystallized by acetonitrile/ dibutyl ether 
5 to obtain the AD with the purity of 99.2%. At last, spray drying was carried 
out to give the crystalline AD. By the analysis of HPLC, the purity amounted 
to 99.2%. 



Example 2 Preparation of crystalline AD 

1 0 The raw AD was prepared according to the representative method as described 

(Starrett et al., J. Med. Chem. (1994) 37:1857-1864, hereby incorporated 
by reference) and was then recrystallized by acetone/ dibutyl ether to obtain 
the AD with the purity of 99.0%. At last, spray drying was performed to give 
the crystalline AD. By the analysis of HPLC, the purity amounted to 99.0%. 

15 

Example 3 Characterization of crystalline AD 

Figure 1 represented the DSC thermogram. Differential scanning 
calorimetric (DSC) experiments were carried out on a microcalorimeter 
(NETZSCH) . 3.0206 g of sample was applied, and the heating rate was fixed 

20 at 10 °C per minutes. In terms of the crystalline AD prepared by foregoing method, 
an endothermic peak at about 94.5 °C was detected in DSC thermogram. Figure 
2 represented powder X-ray diffraction pattern by adoption of D/max 2500 
X-ray dif f ractometer (Rigaku Corporation, Japan) . The data were enclosed. 
The characteristic peaks expressed in terms of 2 0 at about 3.50 and/or about 

25 7.28, and/or about 15.08, and/or about 17.20, and/or about 17.92, and/or 
about 20.08 and/or about 22.20 were shown in powder XRD pattern (scanning 
condition: Cu target, 40 kv, 100 mA) . Figure 3 represented Fourier Transform 
Infrared Spectrum (FTIR) by means of infrared spectrum (Nicolet Magna-560) . 
The peaks at about 3320 cm" 1 , about 3160 cm" 1 , about 2975 cm" 1 , about 1755 

30 cm" 1 and about 1650 cm" 1 were shown. The magnified photos of this crystalline 
AD were displayed in Figure 4. 



Example 4 Tablets containing the crystalline AD 

The tablets containing the crystalline AD of example 1 were prepared 
35 according to the formula as describes below, and each of the tablets contains 
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10 mg AD. 



Component 



amount 



Crystalline AD 



10 mg 



Lactose 



65 mg 



Pregelatinized starch 



25 mg 



Croscarmellose Sodium 



3 mg 



Colloidal silicon dioxide 



0.25 mg 



Magnesium Stearate 



0.30 mg 



The crystalline AD, lactose, pregelatinized starch and croscarmellose 
sodium were respectively passed through 65-mesh screen for later use. The 
AD was weighed according to the amount as described in the formula and mixed 
with other adjuvants in a manner of increasing the amounts proportionally. 
The mixture was passed through 65-mesh screen for three times. The angle 
of repose was measured as less than 30° . After content tested and weight 
determined, tablets were prepared by direct compression of the mixture using 
a 6.5 mm-diameter flat punch pin. 

Example 5 Capsules containing the crystalline AD 

The capsules containing the crystalline AD of example 1 were prepared 
according to the formula as describes below, and each of the capsules contains 
10 mg AD. 



Component 


amount 


Crystalline AD 


10 mg 


Lactose 


135 mg 


Pregelatinized starch 


2 5 mg 


Croscarmellose Sodium 


3 mg 


Colloidal silicon dioxide 


0.2 5 mg 


Magnesium Stearate 


0.30 mg 



The crystalline AD, lactose, pregelatinized starch, croscarmellose 
sodium were respectively passed through 65-mesh screen for later use. The 
AD was weighed according to the amount as described in the formula and mixed 
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with other adjuvants in a manner of increasing the amounts proportionally. 
The mixture was passed through 65-mesh screen for three times. The angle 
of repose was measured as less than 30° . After content tested and capacity 
determined, capsules were prepared by loading the mixture into No . 3 capsules . 
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Claims 

1 . A composition comprising a therapeutically effective amount of crystalline 
adefovir dipivoxil ( AD) and pharmaceutically acceptable carriers. 

2. The composition of claim 1 characterized in that the crystalline AD has 
endothermic peak at about 94.5 °C in DSC thermogram. 

3. The composition of claim 1 characterized in that the crystalline AD has 
a melting point at 90 °C~95 °C . 

4. The composition of claim 1 characterized in that the crystalline AD have 
the characteristic peaks expressed in terms of 29 at about 3.60, and/or about 
7.28, and/or about 15 . 08, and /or about 17.24, and/or about 17.96, and/or about 
20.12, and/or about 22.24 in X-ray powder diffraction pattern with Cu target 
radiation . 

5. The composition of claim 1 characterized in that the crystalline AD has 
peaks at about 3320 cm" 1 , about 3160 cm" 1 , about 2975 cm" 1 , about 1755 cm" 1 , and 
about 1650 cm" 1 in Fourier Transform Infrared Spectrum. 

6. The composition of claim 1 characterized in that the said AD comprises 
at least 70% of crystalline AD. 

7. The composition of any of claim 1 to 4 characterized in that it is in 
the form of tablet or capsule. 

8. The composition of claim 7, wherein each dosage unit contains 100-400 
mg crystalline AD. 

9. The composition of claim 7, wherein each dosage unit contains 1-80 mg 
crystalline AD. 

10. A process for preparing the crystalline AD of claim 1, wherein more 
than 98.0% of AD is processed by spray drying. 
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11. The process of claim 10, wherein the organic solvent is ethanol . 

12. The process of claim 10, wherein the inlet air temperature is set at 
5 60-120 °C. 
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Abstract 



The present invention discloses a pharmaceutical composition comprising 
a crystalline 9- [2- [bis (pivaloyloxy ) -methoxy ] phosphinyl ] methoxy ) ethyl] 
adenine (AD) . This composition may meet all demands of preparing the AD 
preparations for clinical use. This invention also discloses a process of 
manufacturing said crystalline AD on a large scale. 



